INTRODUCTION
Collaborative adaptive management (CAM) was developed to address complex natural resource management problems that are hard to resolve with standard problem-solving approaches. CAM combines adaptive management's learning and experimental aspects with collaborative management's participatory aspects (Monroe et al. 2013, Smedstad and Gosnell 2013) . However, CAM has proved difficult to implement successfully (Mitroff and Featheringham 1974 , Catton 1989 , George 1995 , Miller 1999 , Susskind et al. 2010 , Spradlin 2012 , Chevallier 2016 . It is inherently difficult to develop effective management plans for these messy problems (Bellamy et al. 2001) , and the specific skills and capabilities needed to establish workable collaborations are not available in most natural resource management organizations (Yaffee and Wondolleck 2003) . As a consequence, CAM efforts commonly get stuck in model development, plans fail to get implemented, and failure to make difficult management decisions leads to disappointing or even counterproductive results (Hernandez and Hodges 2006 , Allen and Gunderson 2011 , Berkley and Gunderson 2015 , Head and Alford 2015 .
One factor contributing to disappointing outcomes is lack of attention to process design . In particular, the process of problem definition usually gets very little attention despite being arguably the most important single influence on a project's ultimate success or failure (Posner 1973 , Bardwell 1991 , Miller 1999 , Head and Alford 2015 . Problem definition identifies which conditions, system elements, and relationships are considered most important to the problem-solving effort, and thus which interests will be prioritized (Bardwell 1991 , Miller 1999 and what approach will be used to address the problem (Rittel 1972) .
The most consequential decisions of the problem definition process, including the basic structure and scope of the problem situation and who should be involved, are made at the very start of a project when the project manager knows the least about the problem situation (Reed et al. 2009 ). Recognizing and filling important knowledge gaps is not simple because much of the needed knowledge is tacit and distributed among diverse individuals and organizations. New project managers thus face a major challenge: how to learn enough about the problem situation quickly enough to be of use in process planning.
I present a pragmatic approach, exploratory problem assessment (EA) , that can help CAM project managers address this challenge and achieve better outcomes. This facilitated conceptual modeling approach can quickly provide project managers with contextualized information that is useful for problem definition and process planning, collected and presented in ways that foster engagement of key actors in the CAM process. The approach is based on two main ideas: (1) development of an effective problem definition and strategic plan can benefit from knowledge-focused facilitation, and (2) knowledge integration and fostering of common understandings can be enhanced by application of information design concepts to conceptual system modeling.
I begin with a discussion of the potential value of knowledgecentered facilitation and information design in the problem definition process. I then describe the EA approach and methodology and present two examples that illustrate how it can be applied in practice. engagement of crucial partners in problem definition. Decision makers in the organization convening the CAM process may believe that they already know what the focus should be. However, any single organization is likely to be expert only on aspects of the problem directly related to its mission and specific responsibilities. The broader knowledge needed for effective problem definition and project planning requires input from a diverse group of participants (Beratan 2007) .
The choice of who should take part in problem definition influences project outcomes in two ways. First, the problem definition may reflect an inaccurate or incomplete understanding of the problem situation, including the social dynamics of the management subsystem. Second, key actors' perceptions of a project's salience, credibility, and legitimacy (Cash et al. 2003) are strongly influenced by who has a say in defining the problem.
A collaborative or inclusive problem definition process can address these issues. Such processes are rarely used (Davidoff 1965 , George 1995 , Allen and Kilvington 1999 , van Cleve et al. 2004 , Morss 2005 , Stankey et al. 2005 ) because they can be time consuming and it can be very difficult to demonstrate progress to supervisors, funding agencies, and multiple decision makers with their separate time frames, i.e., election cycles and agency reporting requirements. Project managers rarely have training in participant engagement even though the very first interactions with potential project participants are particularly influential in shaping their attitudes toward the project.
Appropriate facilitation can help a new CAM project manager avoid early missteps and set the project up for success. Effective process facilitation requires someone able to elicit, filter, and integrate information from diverse sources (van Noordwijk et al. 2001 , Carr and Wilkinson 2005 , McNie 2007 , Kristjanson et al. 2009 ), including tacit and experiential knowledge. The term "knowledge broker" has been applied to such people in serviceand policy-related fields such as science policy, knowledge management, health care, and technology transfer. Knowledge brokers are boundary-spanning persons or organizations that facilitate information exchange within and between sectors, disciplines, and groups (Sverrisson 2001 , Cash et al. 2003 , Holgate 2012 . Knowledge brokers not only move knowledge around but also transform it in ways that help diverse participants engage with each other in mutual understanding (Barnett 2003 , Jackson 2003 , Meyer 2010 and collectively identify problems that need to be addressed (Sverrisson 2001 , Dobbins et al. 2009 , Ward et al. 2009 , Klerkx et al. 2012 . Dobbins et al. (2009) classify knowledge-brokering activities into seven categories: initial and ongoing needs assessments; "scanning the horizon" to look for new evidence and resources of interest to participants; knowledge management; knowledge translation and exchange; network development, maintenance, and facilitation; facilitation of individual capacity development; and facilitation of and support for organizational change. Table 1 lists specific activities relevant to CAM project planning.
A knowledge broker for a CAM process needs to have (1) sufficient knowledge of biophysical systems across a range of scales to be able to find, read, and understand relevant scientific research and technical reports; (2) interpersonal communication skills and experiential knowledge of facilitation and conflict resolution concepts and methods; and (3) information design and graphic design skills. Not all facilitators have all of these knowledgebrokering skills, whereas some people who are not professional facilitators do have them. Information-rich diagrams of the problem situation Well-designed diagrams can be a powerful means of visually communicating information about complex problem situations that can be difficult for most people to understand (Joffe and Mindell 2006, Parsons and Sedig 2014) . Good visual designs make use of humans' inherent and highly developed spatial reasoning skills to reduce the cognitive effort of understanding a concept or set of relationships (Kirsh 2004 , Heer and Agrawala 2008 , Corter et al. 2011 , Nickerson et al. 2013 ). For example, we readily understand the meaning of a diagram when the spatial organization on the page matches our nonconscious spatial expectations, e.g., time flows in the direction in which we read text and objects placed higher are larger or more powerful than those below them. In contrast, a poor match with expectations can confuse thinking, convey false relationships, or lead viewers to focus on unproductive concepts (Nickerson et al. 2013) . Diagrams that are too complex can overwhelm viewers' cognitive-processing capabilities (Fischer et al. 2012 ) and create confusion and negative feelings toward the diagram's creators (Michela and Floricel 2012) .
Application of general principles of information design (e.g., Tufte 1990 ) and visual design guidelines (e.g., Watzman 2002) can be employed to produce information-rich graphics that can be readily interpreted by the human brain. The approach I present makes particular use of the principles of separation and layering. "Separation" is distinguishing among types or layers of information through distinctions of texture, weight, shape, value, size, or color, and "layering" is visual stratification or ordering of data to establish a proper relationship among types of information (Tufte 1990) .
EXPLORATORY ASSESSMENT APPROACH
A key element of the EA approach is development of readily understandable conceptual models of the problem situation showing problem-relevant system elements (polygons) and critical linking relationships (arrows, Fig. 1 ). Elements may be organizations; people; structures, e.g., the road system; ecosystems; biophysical features, e.g., a river or the soil; or a certification or requirement, e.g., a permit. Arrows can represent any type of linkage, including the following: causal relationships, e.g., more intense precipitation events because of global climate change will result in a greater incidence of flood events, or more people moving to an area will result in an increase in development pressure; and communication channels, e.g., A contacts B under certain circumstances. Another type of linkage occurs when changes in one element influence another element. For example, a citizen outreach effort may influence the way some people feel about an issue without directly causing collective action.
The conceptual models are developed using a visual design strategy in which every aspect, i.e., color, shape, and placement, of each element conveys problem-relevant information and requires relatively little cognitive effort to understand. Visual separation is achieved through differentiating categories of elements and linkages by differences in object shape, line style/ width, and color of elements and arrows (Fig. 2 ). Layering is done by placement of elements and actions on the page. Placement along the horizontal axis is governed by the temporal order in which things are expected or need to occur. This makes it simple to highlight assumed causal relationships. Placement along the vertical axis is based on a spatial scale, grading from smaller at the bottom to larger at the top. This can be used to show crossscale linkages and contextual factors. Using the scope of decision making to categorize the vertical scale can enhance diagrams' subsequent usefulness in project planning. For instance, it can help identify which actors need to take what actions to achieve the project goals. The specifics of the problem situation determine which human system categories should be used in a particular assessment. As an example, Bellamy et al. (2001) identified four scales of application for Australian catchment management case studies: individual/enterprise, local community, catchment, and national/state policy. The vertical placement of natural system elements is determined by roughly matching their spatial scale with the human system element that influences an area of roughly the same size.
In addition to informing the problem definition process, the EA approach is designed to provide the project manager with information that is both useful and usable in project planning. The conceptual models show how proposed actions are supposed to lead to desired outcomes and thus provide a graphic summary of change theories linking causal factors to emergent system properties. This makes the diagrams particularly useful for developing evaluation metrics that can provide feedback in time to permit adjustment of management actions. Because human behavior is a major causal factor in most natural resource problems, changes in human behavior tend to be useful leading indicators.
Steps in application of the exploratory problem assessment approach The first step in the EA process (Table 2) is for the knowledge broker to have an orienting conversation with the project manager. This discussion should center on two major topics: (1) the objectives of, constraints on, and resources available to the project; and (2) a description of the problem situation in terms of problematic conditions, causal factors, and key actors. The knowledge broker should ask clarifying questions that can help the project manager structure information in new and useful ways. This conversation is arguably the most important step in the entire process because it provides an opportunity for the project manager to think strategically and to engage in reflective exploration of tacit knowledge and unexamined assumptions. Table 2 . Sequence of steps a knowledge broker would take to conduct an exploratory problem assessment.
Steps 1. Get a basic overview of issue(s) of concern from project manager, including an initial list of people to interview. 2. Perform a literature search to gather explicit knowledge. This search continues throughout the knowledge elicitation process, starting with readily available sources and following up on sources suggested by interviewees. 3. Construct graphic "straw man" conceptual model based on explicit knowledge and information provided by the project manager. 4. Gather experiential knowledge through interviews with and observation of relevant meetings and conversations among key actors and technical experts. During interviews, work with each interviewee to translate their observations into graphic form, and then get feedback on the straw man conceptualization. 5. Integrate information from the interviews into the straw man conceptualization making use of information design principles to enhance usefulness and usability.
During the conversation, the knowledge broker works with the project manager to capture important relationships and causal connections in the form of short diagrammatic "sentences" using the visual "grammar" described previously (Fig. 1 ). These Fig. 2 . Symbol key showing the visual "grammar" used for the graphic interview summaries and conceptual model(s) produced during an exploratory problem assessment process. This visual design strategy draws on information and visual design principles to produce information-rich diagrams. Visual separation is achieved by using colors, shapes, and line weights to differentiate objects and arrows indicating different types of actors, actions, and relationships, along with underlying assumptions and influential contexts. Layering is achieved by using the vertical axis to indicate the scope of decision making and scale of natural features, and the horizontal axis to show the sequence in which actions and events are expected or need to occur.
building blocks will be the basis for the initial conceptual model, and the process introduces the visualization approach to the project manager.
Key informants, starting with those identified by the project manager, are interviewed to gain additional information and different views of the problem situation. Interviews are semistructured; informants are prompted to tell stories about relevant experiences and to bring to light assumptions about future system behavior. The knowledge broker works with the interviewee to summarize the information in graphic form; this assists in keeping the conversation focused on problem-relevant information and helps visual thinkers work through contexts and linkages. After informants have finished providing their independent information, they are asked to review the current version of the conceptual model and help integrate their information into it. They are likely to provide additional information while doing so because many people find it easier to articulate experiential knowledge through pointing out errors in the draft diagram than in answer to direct questions.
It is common to find discrepancies when integrating information provided by different informants even though each tells the truth as he or she sees it. The following rules of thumb are useful in such cases:
. Favor specific observations from within the problem system over theory or generalizations from other places. Make note of the discrepancy; it may indicate some important factor unique to this system or that has not been considered.
. If information from different sources is contradictory, give priority to relationships and events reported by multiple sources or for which there is supportive science.
. If a conflict between two sources cannot be resolved based on available information, try to obtain additional information from an appropriate source.
. If no resolution is found and the issue is important to the question under consideration, show the discrepancy in the conceptual model. The differences could be treated as competing hypotheses to be tested through CAM.
ILLUSTRATIVE EXAMPLES
The following two examples illustrate how the EA approach works in practice and how it can be adapted for different decision contexts. Both were elements of larger resource management efforts. Although neither of these larger efforts was identified as a CAM project by its project manager, they exhibit many characteristics of a CAM process: the objectives of management activities were changes in biophysical conditions requiring changes in human behavior; there was uncertainty about which https://www.ecologyandsociety.org/vol24/iss2/art31/ management activities would best achieve the management objectives; the active participation of many individuals, government agencies, and organizations was needed; and there was intent to monitor the results of management actions to determine if adjustments were needed. The included quotes are from follow-up interviews with the two project managers.
Study of relatively small-scale natural resource management efforts such as these can provide useful insights applicable to the larger scale projects that are the usual focus of CAM scholarship.
Smaller efforts are easier to analyze because they generally involve fewer key actors and because management actions produce identifiable impacts relatively rapidly.
Local-level strategic planning I worked with the executive director (ED) of a nonprofit watershed association in a small city that works to protect and restore a stream flowing through the most urbanized part of the city. The organization has leveraged limited resources by building strong relationships with neighborhoods and by developing project-centered partnerships with city government offices, the business community, and other environmental organizations. The board of directors initiated a planning process aimed at revising the organization's committee structure in response to a recent expansion of the organization's activities and resources. The ED requested my help in coordinating this with his ongoing strategic planning activities.
Our initial discussion centered on how the organization might operate more effectively given its resource limitations and current capabilities. I created a draft conceptual model and then interviewed staff and board members about the stream system and the organization's activities. I used the visual design strategy described previously to structure the elicited information and keep the conversations focused on feasible pathways to tangible objectives. Following each interview, the graphic notes were integrated into the conceptual model.
The resulting diagrams, one of which is shown in Appendix 1 (see the online supplementary materials), highlighted some issues and relationships that were not included in the ED's initial framing. For example, staff were increasingly stressed by trying to meet the divergent expectations of grants providing staff funding and those of the board tied to the specific mission of the organization. This stress was subsequently reduced through hiring of additional staff and redefinition of staff responsibilities.
In our follow-up interview, the ED said that our discussions had helped him recognize why he had experienced difficulty conducting his strategic planning effort in parallel with the board's very different and more limited process: The ED noted that he had not fully understood my assessment process and its potential value at the outset. He said that if he had it to do over again, he would have narrowed the focus of the assessment somewhat, emphasizing a particular problem or issue. However, his statements during our initial discussion suggested that he was not ready to focus more narrowly at that time. Over the course of the project I observed that he was increasingly able to articulate his tacit understandings and assumptions about the problem situation and the organization's potential roles, and that this allowed him to more quickly identify particular organizational issues relevant to the topics being discussed.
The ED concluded that working with me had provided a useful opportunity to mentally step back from routine concerns to regain a broader, longer term view of the problem situation and how the organization functions within the management network. This helped him think more strategically about the organization's operational priorities: The project manager requested my assistance in dealing with implementation challenges: the grant provided less funding than requested, the reduced funding increased the need for coordination among partner agencies and organizations, and project evaluation metrics were needed that could capture early impacts of relationship-building efforts to both permit adaptive modifications to the project design and inform the project funder. I began by developing a conceptual model based on the project manager's input, the proposal text, and published reports on longleaf pine management. I obtained additional information through meetings with the project manager and representatives from two partner organizations. Interestingly, all three said that they learned useful information from each other while explaining the project to me even though they had previously worked together on similar projects.
The project manager said that the process was particularly useful in identifying information gaps in the presentations to be given to landowners: Most of these information gaps were because of differences in expertise between the resource management professionals preparing the presentations and the landowners who were their target audience. This type of knowledge gap is very common because it is difficult for an expert to see things from the perspective of a nonexpert (Wieman 2007) . Because I lacked specific expertise in fire-based management of longleaf pine, I was able to serve as a surrogate for the target audience.
The project manager recognized that lack of clear and specific guidance about procedures and risk management had contributed to disappointing outcomes in many previous efforts to get private landowners to adopt fire management practices. A priority for him was presenting information in a way that encouraged rather than discouraged landowners:
Yeah, how to sequence that information so that it makes sense to the landowner and they can see a progression. Therefore, I developed use-specific diagrams based on the conceptual model, including a decision-tree handout and checklist for landowners listing the steps in conducting controlled burns as well as a project flowchart to assist the project manager with strategic planning (Appendix 2 in the online supplementary materials).
The process manager found both the diagrams and the process as a whole to be useful:
Having a process that can create a seat for a wide variety of experiences becomes very important. And that's what your process allowed us to do, is to see in our own head how to roll it out in a way that makes sense to the folks that we want to see adopt the change.
The value of the process was demonstrated within the project's first 6 months. Our conversations helped the project manager identify an outreach activity that became the centerpiece of the project, and several landowners have subsequently moved forward with fire management planning. The decision-tree handout proved useful enough that other management organizations have adopted it for their own landowner outreach efforts. The "leading indicator" metrics derived from the conceptual model proved useful for communicating the project's progress to the granting agency.
DISCUSSION

Comparison of illustrative examples
Caution must be used when interpreting and generalizing from the illustrative examples presented previously because they were not designed as research projects. Nonetheless, they can provide insights into how the EA approach might be usefully applied in other complex management situations.
The two examples differed in the type of planning process involved (Table 3 ). The watershed management process was part of a general rethinking of the growing organization's structure and strategic plan. The process therefore was broadly concerned with "what should we do" questions, with a focus on identifying and prioritizing potential interventions and key actors, i.e., intermediate management level, throughout a relatively small watershed that is entirely within a single county, i.e., low to intermediate geographic extent.
In contrast, the longleaf management process centered on implementation of a particular project. It thus was more narrowly concerned with "how should we do it" questions, with a focus on identifying specific activities, i.e., low management level, that could overcome barriers to adoption of promoted management practices at a landscape scale, i.e., broad geographic extent.
Both project managers had experienced difficulty in organizing their extensive but amorphous and largely tacit knowledge into a more ordered and shareable framework from which a logical and defensible change theory could be derived. In both cases, I found that the initial orienting conversation was the most productive step of the EA process. Explaining the situation to me allowed the project managers to make explicit their extensive tacit knowledge, identify information gaps, and recognize opportunities and limitations. This helped both project managers increase the specificity and usefulness of their problem definitions. https://www.ecologyandsociety.org/vol24/iss2/art31/ Both project managers found construction of the diagrammatic representations to be useful for organizing their thinking into a guiding framework. This aided them in prioritizing among possible actions to make effective use of limited resources. In addition, it helped them engage with and communicate important information and ideas to staff, key partners, and stakeholders. Rather than disseminating the conceptual models, both project managers requested simpler derived diagrams designed for specific audiences and events. This follows a foundational concept of information design: A presentation needs to be designed to meet specific objectives and for a particular audience to effectively communicate information.
Comparisons to other approaches and tools
The EA approach I have described is similar to "problem structuring methods" (PSMs) from the field of operational research (e.g., Checkland 1981 , Checkland and Scholes 1990 , Friend and Hickling 2005 . PSMs are characterized by use of diagrammatic models as a temporary focus for structuring engagement among a diverse group of participants looking for solutions in complex problem situations. These models show connections between concepts, activities or stakeholders, and cause-and-effect relationships (Eden and Sims 1979 , Eden and Ackermann 2006 , Horlick-Jones and Rosenhead 2007 , Cronin et al. 2014 to help participants develop a shared understanding of the nature and boundaries of the problems to be addressed (Rosenhead and Mingers 2001) . The EA approach differs from PSMs and other forms of group model building in its focus on knowledge gathering and integration at the start of process planning rather than on direct engagement among stakeholders during the decision process. In fact, EA could be a useful precursor activity to group model building exercises.
The EA approach is also similar to the rapid stakeholder and conflict assessment (RSCA) approach developed by Hjortsø et al. (2005) . Both approaches draw on diverse knowledge sources to gain a broader understanding of the problem situation. The RSCA approach focuses on assessment of stakeholder perceptions and conflicts and is "aimed at preparing facilitators of participatory inquiry and decision-making processes by providing them with a way to obtain an in-depth understanding of the situation in which they will engage before conducting explicit participatory activities" (Hjortsø et al. 2005:150) . In contrast, the EA aims to assist a CAM project manager in gaining a sufficiently broad and complete understanding of both the biophysical, socioeconomic, and management aspects of a problem situation quickly enough to guide problem definition and project planning. It focuses on causal relationships and development of practical change theories. The EA approach draws information from each interviewee's technical and/or experiential knowledge of the particular problem situation rather than considering specialist and stakeholder knowledge separately.
EA's visual design strategy has some similarities to other modeling approaches and tools, such as influence diagrams (e.g., Howard and Matheson 2005) and situation mapping (Daniels and Walker 2012) . The role of the facilitator differs: In the EA approach, the facilitator develops the model based on stakeholder knowledge collected through interviews rather than facilitating model development by stakeholders during stakeholder meetings. Another difference is in the degree of systematization in design and structure of the resulting diagrams. These differences reflect differences in intended application. Most other conceptual modeling approaches and tools are intended as "a means of designing and implementing a series of events to promote creative thought, constructive debate and the effective implementation of proposals that the stakeholders generate" (Daniels and Walker 2012:113 , in reference to situation mapping). The emphasis thus is more on diagramming as a tool to enable collective learning through discourse in a collaborative process. In contrast, the EA approach focuses more on the utility and usability of the resulting diagrams: They are designed to be readily interpretable by people who did not participate in their creation and to assist in the transfer of problem-relevant knowledge from diverse sources to the project manager and partners for use in project planning. In addition, the readily interpretable diagrams can preserve a "snapshot" view of what was understood about the problem situation at a given time, and periodic updates can help document significant changes in the problem situation and in people's perceptions of the situation.
CONCLUSIONS
The EA approach was designed with a practical aim: to help CAM project managers quickly gain knowledge necessary for problem definition and initial project planning, and to do so in a way that promotes productive engagement with potential partners and stakeholders. The EA approach is based on recognition that the very first decisions and actions when setting up a new CAM effort have a disproportionate impact on the effort's ultimate success.
The two example projects illustrate the two main concepts at the core of the EA approach: the problem definition process can benefit from knowledge-focused facilitation, and application of sound information design principles can enhance the usefulness of problem-relevant information. More research is needed for definitive assessment, but the project managers' comments support the supposition that the EA approach can provide project managers with useful information that can lead to valuable insights into the nature and structure of the problem to be addressed. This can help them develop a more effective problem definition and strategic plan.
Ecology and Society 24(2): 31 https://www.ecologyandsociety.org/vol24/iss2/art31/ A process involving face-to-face interactions among stakeholders is likely to be more effective than the EA approach in furthering social outcomes like trust building. However, a skilled knowledge broker conducting an EA process can introduce a project to potential participants in a way that encourages productive engagement and limits defensive responses. This can help foster acceptance of the gathered and integrated knowledge by the key stakeholders and decision makers and can prepare the ground for future collaboration by encouraging key actors to consider how their knowledge and point of view intersects with those of other stakeholders.
In conclusion, a new CAM effort is more likely to achieve desired outcomes if the project manager conducts a thoughtful problem definition process rather than assuming that "we know what the problem is." The EA approach provides a practical and costeffective way for CAM project managers to set their projects up for success.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/10815
